A total of 32 non-O157 diarrheagenic Escherichia coli isolated (Miri hospital, Sarawak, Malaysia, 2001) from the patients with diarrhea were examined for the detection of verotoxin (VT). Two sets of primers (VT1 and VT2) were used for PCR method, which produced a fragment of 348 bp of VT1 gene and 584 bp of VT2 gene, respectively. It was shown that 13 E. coli isolates (40%) carried VT1 gene whereas none was found to carry VT2 gene using PCR protocols. Plasmids were detected in all the VT1-positive isolates. From the Southern hybridization study, VT1 probe showed homology with the chromosome of all 13 VT1-positive isolates indicating the VT1 gene to be located on chromosome. Bacteriophage induction as carried out using mitomycin C showed that none of the VT1-positive isolates harbor any lysogenic bacteriophage. However, nucleotide sequencing made from the VT1 gene fragment isolated from an E. coli isolates using PCR protocol showed 97% homology with the known VT1 gene which proves to be the similar gene carried by E. coli O157 and other ancestors.
Introduction
Non-O157 verotoxigenic Escherichia coli (VTEC) is a typical Escherichia coli. The most common non-O157 VTEC isolated from sporadic cases of hemolytic uremic syndrome (HUS) was reported to be O26:H11 [1] . The particular E. coli serotypes now known to be VTEC were present in humans and animals many years ago, but have acquired the ability to produce VT and probably other virulence factors. Non-O157 VTEC isolates are commonly present in food. Predictions are made of the possible increase in problems associated with these emerging pathogens [2] . In recent years, increased attention has been focused on infections caused by isolates of VTEC serotypes other than the O157. Infections with non-O157 VTEC are now increasingly recognized in many countries [3] . Many non-O157:H7 isolates that are associated with outbreaks do not possess either eae or the pO157 plasmid [5] indicating that there must be additional, as yet unknown, virulence factors that distinguish pathogenic from non-pathogenic non-O157 VTEC strains. The virulence profiles of most of the non-O157 E. coli are unknown [3] . Therefore, easy detection, isolation, and characterization of non-O157 VTEC isolates are essential for improving our knowledge of these organisms [5] .
There are three distinct E. coli VTs, two of them (VT1 and VT2) being from human strains and the third one (VT2 variant) is from a porcine strain. Verotoxins, also known as Shiga toxin was first identified in Shigella dysenteriae, where it is chromosomally encoded, but the genes for its production are readily transmitted between E. coli strains by toxin encoding bacteriophages [6] . Both the antigenically distinct toxins VT1 and VT2 are encoded on two different lysogenic lambdoid bacteriophages (933J and 933W) inserted into the chromosome in E. coli 933 [7] . VT phages have also been detected in strains of serogroups O111, O119, O128 and O157 [8] . Although this virulence factor (VT) can be found in many different serotypes, only a few well characterized biosero-types and clones namely O157:H7 and O26:H11, are the most important hosts for the verotoxin phage(s) and are found all over the world [9] .
The PCR test for amplification of VT1 and VT2 gene sequences has demonstrated universality in that both toxin genes can be detected and differentiated across a wide spectrum of verotoxigenic E. coli. Serotypes other than O157:H7, which presently exceed 50, have been associated with hemorrhagic colitis or HUS or both. The PCR protocol permits rapid, accurate and inexpensive detection of these important toxin genes in clinical material and possibly in contaminated foods [10] .
In DNA hybridization techniques, synthetic oligonucleotide probes from A and B subunits of VT1 and VT2 have been constructed and these probes have been used at different degrees of stringency to identify VT1, VT2 and pig edema variants of VT2 producing E. coli [11] . The advantage of DNA hybridization procedure is the speed and specificity.
Materials and Methods

Bacterial strains
Thirty-two isolates (E. coli 01-E. coli 32) were characterized and confirmed as non-O157 Escherichia coli (by serotyping/agglutination against E. coli O157 antigen) were obtained from patients (Hospital of Miri, Sarawak, Malaysia, 2001) with diarrhea. E. coli O157:H7 EDL933 which carries VT1 and VT2 genes (used as a positive control) and E. coli JM101 (used as a negative control) were kindly provided by Dr. Salmah Ismail, University of Malaya. The isolates were cultured onto brain heart infusion agar and brain heart infusion broth.
PCR
The primers used for the PCR were VT1 forward, VT1 reverse, VT2 forward and VT2 reverse. The sequences for these primers are: [12] .
Primers
Primer sequences Expected amplicon size for VT1 is 348 bp, and for VT2 is 584 bp. The primers were synthesized commercially from Biosyntech Company, Malaysia. Taq DNA polymerase, dNTP, MgCl 2 , 10X buffer for PCR were purchased from Promega, USA.
Total genomic DNA was extracted by using Colony boiling method [13] . Ten µl of this DNA was used in the PCR. The amplification and cycling parameter were followed as cited by Cebula et al. [12] . Amplified products from the PCR reactions were electrophoresed on 1.5% agarose gel and then stained with ethidium bromide. A 1-kb DNA ladder (Advance Biotechnologies Ltd., UK) was run with the gel to estimate the size of the DNA fragment.
Plasmid DNA extraction
Plasmids were extracted by the alkaline lysis modified method of Close and Rodriguez [14] . This modified method was already established by Salmah [15] . Plasmid DNA was resolved by electrophoresis in submerged horizontal agarose (Sigma Chemical Co., USA) slab gel (0.7%) in Tris-Acetate buffer (TAE, pH 8.3). Supercoil DNA ladder (2-10 kb) purchased from Promega, (USA) was used to provide reference plasmids of known molecular weight. Digital camera was also used for photography and the image downloaded directly to the computer.
Southern hybridization
VT1 probe preparation
The amplified DNA fragment (348 bp, after PCR) of VT1 obtained from E. coli O157:H7 was used for the construction of hybridization probe. The amplified DNA fragment of VT1 from E. coli O157:H7 was purified using PCR purification kit purchased from Pure-Gene, Malaysia. Purified PCR product was then labeled by Horse Radish Peroxidase using North2South ® Direct HRP Labeling and the Detection kit which was purchased from Pierce, USA.
Blotting
After electrophoresis and photography of DNA samples on agarose gel, the gel was blotted to Hybond N+ membrane (positively charged nylon membrane, 0.45 µm, Millipore) overnight by capillary transfer and the gel was set up for capillary transfer/alkaline transfer as described in details by Southern [16] . After the transfer, the nylon membrane was dipped in 6X SSC solution and air dried, baked in an oven at 80 0 C for 2 hours. 1-13: E. coli 1, 3, 4, 8, 10, 11, 13, 18, mosome of all the E. coli isolates but t none of the plasmid showed homology with the DNA o E. coli isolates were carried out according to the protocols suggested by the manufacturer (Pierce, USA). For detection, the membrane was placed into a film cassette and the blot was exposed to film for 1 min in a dark room and developed by using a developer in University of Malaya Medical Centre, Kuala Lumpur, Malaysia.
Hybridization and detection
Bacteriophage induction
Bacteriophage can be induced by heat, UV radiation, mitomycin C etc. In this study mitomycin C induction was carried out. E. coli O157:H7 EDL 933 strain was used as a positive control for phage. E. coli JM 101 strain was used as a negative control. A single colony of test strain was grown overnight in 3 ml of Trypticase Soy Broth (Oxoid) containing 5 mM CaCl 2. Then mitomycin C (Sigma, USA) was added to a final concentration of 0.5 μg/ml and incubated overnight. Cultures were then centrifuged for 15 minutes at 5000 rpm and supernates were filter-sterilized through 0.2 μm pore size membrane filters (Schleider, Germany). Later, 100 µl of the supernate w s examined for plaque formation by using double-layer agar method where a semisolid agar was layered at the top of a solid agar. a
Sequencing
The VT1 gene was amplified by PCR method, pooled, purified and sent for sequencing service to BioSyntech Sdn. Bhd., Selangor, Malaysia. The sequencing result was analyzed online using NCBI and BLAST.
Results
PCR
All the 32 E. coli isolates were subjected to PCR using two sets of primer (VT1 and VT2). E. coli O157:H7 EDL 933 was used as positive control as it harbors both VT1 and VT2 gene. For negative control, sterile deionized water was used instead of template DNA. VT1 and VT2 gene were amplified successfully (348bp and 584bp, respectively). Thirteen (40%) out of 32 E. coli isolates were showed to carry VT1 gene but did not carry VT 2 gene (Figure 1 ).
Plasmid extraction
Plasmids and chromosomal DNA were extracted from all the VT1 positive E. coli isolates using Close and Rodriguez modified method followed by DNA hybridization.
Hybridization
All the VT1-positive E. coli isolates were subjected to S Fig. 1 (E. coli 1, 3, 4, 8, 10, 11, 13, 18, 22, 23, 29, 30, 32, respectively) at 22, 23, 29, 30, 32, respectively) with labeled DNA probe.
gene was chromosomally or plasmid-mediated. Chromosome and plasmids were extracted and blotted to hybond N+ membrane followed by hybridization with horseradish peroxidase labeled DNA probe. DNA probe showed homology with the chro bu probe (Figure 2 ).
Bacteriophage induction of E. coli isolates
In this study, E. coli O157:H7 EDL 933 strain was used as a positive control for phage induction as it is known to harbor lysogenic lambdoid bacteriophage. E. coli JM101 strain was used as a negative control and also as an indicator bacterium. All VT1 positive E. coli isolates were used as test samples. Plaque formation was observed from E. coli O157:H7 EDL 933 isolates but n e formation indicating the absence of lysognic phages in them (figure not shown).
Sdn. Bhd., Selangor, Malaysia. The sequencing results were analyzed online using NCBI and are. (Gene Bank accession number bankit 873).
m VT-negative E. coli, also no false positive amplification was observed from the negative control used, all the isolates have been originated from clinical isolates. It may also be possible that the isolates ene was hromosomally located in all the VT-positive E. coli isolates may not be phage-encoded. This result is ot in agreement with several other investigators [7, 9, 21] to the chromosome and to the failure in inuction of the phage or the VT1 gene determinant that ates. (Gene Bank accession number bankit 34648, DQ124873). This confirms that the VT1 gene in showed plaqu e
Sequencing
The PCR amplified VT1 gene (348 bp) from the chromosome of an E. coli strain (E. coli 04) was purified using PCR purification kit purchased from Pure-Gene, Malaysia. The purified amplified DNA was sent for sequencing service to BioSyntech
BLAST softw 734648DQ124
Discussion
This study was carried out with the objective of detecting the VT gene in non-O157 diarrheagenic E. coli using PCR protocol and its molecular characterization. A total of 32 non-O157 diarrheagenic E. coli (Miri Hospital, Sarawak, Malaysia) isolates were examined for the detection of VT gene. The E. coli isolates were isolated from patients with diarrhea. No other clinical symptoms were observed from the patients. In this study, two pairs of primer (VT1 and VT2) were used in a polymerase chain reaction (PCR) amplification procedure to detect VT1 and VT2 genes from 32 E. coli isolates. No primer specific amplification was detected when the DNA template was isolated fro indicating that the method was specific, sensitive and reliable.
Thirteen E. coli isolates (40%) were found to harbor the VT1 gene whereas no isolates were found to carry the VT2 gene. This data suggests that VT1 is the most common verotoxin among the strains isolated from the clinical sources in Malaysia. VT2 gene was shown to be dominant among E. coli O157 strains isolated from the beef in Malaysia [17] . In another study, VT1 was found to be the most common toxin among the bovine isolates and VT2 the most common in the porcine isolates [18] . Furthermore, Scotland et al. [19] also informed that some strains of E. coli belonging to the serogroups O26, O55, O111 or O128 produce VT where they found 18 of the 122 E. coli strains to be VT positive after PCR in United Kingdom. In this study, occurrence of only VT1 gene may be due to the geographical distribution of the isolates and/or due to may be the members of one clone that has become widely distributed.
All the 13 VT1-positive E. coli isolates showed homology to the VT1 probe with the chromosomes of all the isolates after hybridization suggesting the VT1 gene to be located on the chromosome of all the isolates. VT1 gene showed homology with none of the plasmids. Woodward et al.
[20] also reported a similar finding where they showed after DNA-DNA hybridization that the VT g c lates tested. Similarly, the presence of VT gene in the chromosome of E. coli isolates was reported [7] .
To induce bacteriophage, the mitomycin C induction method was used as it was preferred as a standard method by many researchers elsewhere [21] . E. coli O157:H7 EDL 933 showed the formation of plaque but none of the VT1-positive E. coli strains was able to form a plaque on a double layer agar plate indicating that the VT1 gene in all these iso n where they reported that the VT1 gene was phagemediated.
From the above study it can be concluded that, in 13 E. coli isolates, the VT1 gene was found to be located on chromosome. However, no bacteriophage was found in all the VT1-positive E. coli isolates, but how did all the 13 VT1-positive E. coli isolates acquire the VT1 gene has yet to be determined. The possible explanations could be either all the isolates here might have acquired the VT1 gene via defective phage, or only the VT1 gene from the phage DNA had been integrated into the chromosome of all the isolates and the rest of the phage DNA might have been lost or degraded when the hotspots of the E. coli chromosome facilitated the integration of only the VT1 gene from the phage DNA, or the phage carrying the VT1 gene might have been mutated after the integration of the VT1 gene in d might have been transferred to the E. coli isolates via conjugation.
The phage-specific structural genes for both VT1 and VT2 have been cloned and characterized with respect to nucleotide and amino acid sequences [22] . In this study, the VT1 gene from an E. coli (E. coli 04) isolate was amplified and subjected to nucleotide sequencing to compare and investigate the homology with the known VT1 gene sequence from the genebank. The complete nucleotide sequence of the DNA fragment of VT1 gene was obtained and both the forward and reverse complements showed 97% homology with the known VT1 gene sequence of VT producing E. coli (O48:H21, O157:H7) and other VTEC isol 7 the present study may be the similar gene carried by other ancestors.
In summary, the PCR method used here was specific, sensitive and reliable. It demonstrated universality in that the VT gene can be detected from a wide spectrum of VTEC. Hamabata T other Stx1-con
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